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ABSTRACT
In a preliminary examination of labeless protein quantitation proteomics, we investigated the serum composition of rats treated with the hepatotoxin alpha-naphthylisothiocyanate (ANIT) to find biomarkers of exposure. ANIT was administered orally to the rats in doses of 1, 20, and 100 mg/kg. Collected serum was immunodepleted and analyzed using an LTQ mass spectrometer. MS/MS spectra were searched against the rat IPI protein database to identify peptides, and valid peptides were grouped according to protein and quantified using Bioworks v3.2. In examining the dataset, only the proteins with the highest abundance relative to the control population were considered. T-kininogen and other kininogen family proteins were found to increase on average of 3-5 fold in all three treatment groups compared with the control. Complement C9 protein averaged 3-to 6-fold higher versus control. Since ANIT is an accepted model of intrahepatic cholestasis, the data from this study may help indicate cholestasis status. 
SUBJECT TERMS
INTRODUCTION
Alpha-Naphthylisothiocyanate (ANIT) is a widely used model hepatotoxin for intrahepatic cholestasis [1] [2] [3] . Although the mechanism of ANIT-induced hepatotoxicity is not completely understood, the current model is a reversible glutathione-ANIT conjugate is produced in hepatic parenchymal cells and selectively accumulated in bile where it dissociates to reduced glutathione and ANIT [4, 5] . The exposure of biliary epithelial cells to a cytotoxic level of ANIT results in necrotic death followed by hyperplastic growth and eventually the obstruction of bile flow. At some point, there is an increase in the permeability of the tight junctions between parenchymal cells and bile duct epithelial cells resulting in the exposure of parenchymal cells to a necrotic concentration of bile acid salts. Neutrophil infiltration and subsequent release of free radicals and serine proteases from the infiltrated neutrophil have been implicated in ANIT hepatotoxicity [6, 7] . Reactive oxygen species have also been implicated as a mechanism of ANIT-induced cholangiocyte apoptosis [8] , and disruption of lipid homeostasis contributes to ANIT-induced cholestasis [9, 10] .
This study aims to determine biomarkers of liver damage induced by ANIT. These biomarkers have the potential to detect the severity of cholestasis. Proteins increased in response to low levels of ANIT could be indicative of mild cholestasis; while the higher level biomarkers could represent more severe cholestasis.
MATERIALS AND METHODS
Male Fischer 344 rats were orally gavaged with 0, 1, 20, or 100 mg/kg of ANIT in corn oil. Sera were collected 96 h post-dose, and albumin, IgG and transferrin were depleted using an Agilent multiple affinity removal cartridge specific for mouse and rat. Samples were dried and resuspended with 8M Urea/100mM Ammonium Bicarbonate buffer. A Bradford protein assay was used to determine protein concentration. Proteins were reduced with dithiolthreitol (40-fold molar excess), alkylated with iodoacetimide (70-fold molar excess), and subjected to an overnight tryptic digest (1:70 trypsin:protein). 10cm of 5 micron particle size C-18 reverse phase resin (Michrom Biosciences, Inc.) was packed into 100 micron ID fused silica tubing using a pressurized bomb. The column was placed inline with the Paradigm HPLC System (Michrom Biosciences, Inc.). Peptides were loaded onto the C-18 resin using the autosampler and eluted over 95 minutes using a gradient of Acetonitrile (5% to 60% Acetonitrile in 0.025% Formic Acid) and sprayed directly into an LTQ mass spectrometer. Sequest was then used to search the MS/MS to find the best theoretical match for each experimental spectrum. Bioworks 3.2 filtered on the basis of XCorr values (+1 ions 2.56, +2 ions 3.22, +3 ions 3.45) and integrated the peak area of each peptide and grouped the peptides into proteins. Protein ratios were then determined using normalized peak areas (peak area/total peak area multiplied by 100). Each sample was analyzed three times by mass spectrometry to account for technical variance. RESULTS Protein levels decrease upon exposure to increasing levels of ANIT Table 1 . All ratios shown as ANIT treated over pretreated and represent an average of three independent analyses. These proteins would be indicative of healthy individuals not exposed to the hepatotoxin. Protein levels increased in exposure to increasing doses of ANIT Table 2 . The protein ratios are expressed as ANIT treated over pretreated and represent an average of three independent analyses. Proteins in this table represent putative biomarkers to exposure of ANIT. Kininogen has no enzymatic activity and plays a role in initiating the intrinsic coagulation pathway [11] . Negatively charged phospholipids have been shown to initiate the formation of blood clots [12, 13] . ANIT has been shown to increase the serum concentration of these phospholipids [10] . This event could mimic the natural release of phospholipids by blood platelets. Sera levels of serine proteases also increase in response to ANIT [6, 7, 14] . Serine proteases play an essential role in the conversion of fibrinogen precursors to active fibrin. Fibrin polymers solidify the clot. Although serine proteases were not detected in any of the treatment groups, serine protease inhibitors (murinoglobulin and serine protease inhibitor 2.1) and the alpha-1 inhibitor 3 precursor protein levels decrease in response to increasing levels of ANIT. Since serine protease activity is essential for proper clotting, low levels of ANIT may not trigger the formation of blood clots.
Based on the results of this study, ANIT induces the formation of blood clots in a dose dependent manner. Low levels of ANIT would indicate low levels of clotting due to the absence of serine proteases and essential clotting factors. Medium doses of clotting show the presence of kininogen that initiates blood clotting. Fibrinogen was found to be highest in 100mg/kg dose of ANIT. Fibrinogen plays a role in the final stages of blood clotting.
